Purpose Demographic, behavioral, and environmental factors have been associated with increased risk of colorectal cancer (CRC). We reviewed the published evidence and explored associations between risk factors and CRC incidence. Methods We identified 12 established non-screening CRC risk factors and performed a comprehensive review and meta-analyses to quantify each factor's impact on CRC risk. We used random-effects models of the logarithms of risks across studies: inverse-variance weighted averages for dichotomous factors and generalized least squares for dose-response for multi-level factors. Conclusions We developed a comprehensive risk modeling strategy that incorporates multiple effects to predict an individual's risk of developing CRC. Inflammatory bowel disease and history of CRC in first-degree relatives are associated with much higher risk of CRC. Increased BMI, red meat intake, cigarette smoking, low physical activity, low vegetable consumption, and low fruit consumption were associated with moderately increased risk of CRC.
Introduction
Colorectal cancer is the third most common cancer and cause of cancer death in the United States [1] . An estimated 142,820 new cases of colorectal cancer and an estimated 50,830 deaths will be attributable to colorectal cancer in 2013, accounting for 9 % of all cancer deaths in the United States [1] . The lifetime risk of CRC for an average American man or woman is approximately 5 % [2] . Approaches to reduce CRC incidence and mortality have included primary prevention strategies, such as dietary changes or increasing physical activity, and secondary prevention strategies, such as screening [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Modifiable factors associated with higher CRC risk include alcohol intake, obesity, smoking, and consumption of processed and red meat. Modifiable factors that have been associated with a decreased risk of colorectal cancer include increased physical activity, postmenopausal hormone therapy, non-steroidal anti-inflammatory drugs, and vegetable and fruit intake. However, studies showing the association of fruit and vegetable intake with decreased risk of colorectal cancer have been inconsistent [17] . Non-modifiable factors showing a positive association include inflammatory bowel disease, a family history of colorectal cancer, and age. Screening strategies beginning at age 50 have been shown to reduce CRC incidence and mortality through the removal of precancerous polyps [18] , but screening itself may increase observed cancer rates due to early detection of cancers.
The objectives of this study are to assess and quantify the roles of the published risk factors of CRC in order to develop a CRC risk prediction model for use by the general public and clinicians. In particular, we present a comprehensive meta-analysis of each of the 12 published CRC risk factors as the first step in developing a CRC risk model. However, since the primary goal of this work was to develop a tool to measure risk, we restricted the studies to those that examined CRC incidence as the main outcome and assessed the specific dose-response relationship between multi-level risk factors and risk of CRC. Therefore, many of the studies that evaluated any of the 12 risk factors were not included herein because they lacked these criteria. We explored sex differences and study design differences when that information was available.
Materials and methods

Identification of CRC risk factors
To identify the risk factors for CRC, we first reviewed the summary of evidence on colorectal cancer prevention from the Physician's Data Query of the National Cancer Institute [17, 18] . Then, we conducted a comprehensive review of the literature using MEDLINE to identify articles using the following key terms: colon, colonic and colorectal neoplasms, colorectal risk factors, and colorectal cancer prevention. Risk and protective factor inclusion and exclusion were developed and refined over a period of time by experts in gastrointestinal preventive oncology, epidemiology, and biostatistics. The inclusion of a factor was based on the strength of the factor and the availability of at least three categories of dose/exposure and level of associated risk.
The 12 non-screening risk factors we identified are family history of CRC, inflammatory bowel disease, hormone therapy in postmenopausal women, aspirin/nonsteroidal anti-inflammatory drug use, cigarette smoking, body mass index, physical activity, and consumption of processed meat, red meat, fruit, vegetables, and alcohol. We did not include CRC screening; nor did we include supplemental and dietary calcium intake in our analysis because there is inadequate evidence to establish an association between CRC risk reduction and calcium intake, according to the Physician Data Query [18] .
Although it is well established that screening with fecal (guaiac) occult blood testing or fecal immunochemical tests, flexible sigmoidoscopy, and colonoscopy reduces the CRC risk, there are no published studies as far as we know that present the relative risk (RR) associated with age at screening and years since screening.
We defined family history of CRC as having one firstdegree relative with CRC. We classified inflammatory bowel disease (IBD) as having ulcerative colitis and/or Crohn's disease. Hormone therapy (HT) refers to the use of estrogen or estrogen plus progesterone therapy in women. We examined HT use in three categories, current, former and never, and considered duration in years of use in former and current HT users. We quantified aspirin/non-steroidal anti-inflammatory drug (NSAID) use as duration in years of regular use. We quantified cigarette smoking in pack-years. We quantified body mass index (BMI) as kilograms per meter squared. Different studies reported different types of physical activity (PA) (occupational, leisure, combinations of occupational and leisure, commuting, etc.) and used different units of measure (minutes walking/day, times/week, kilocalories, PA score, metabolic equivalent of task, hours/day, kJ/minute, sedentary/ light/moderate/high, etc.). For the studies reporting multiple categories of physical activity measures such as occupational, household, etc., we used the measure reporting the most amount of activity. The number of activity categories within each study ranged from three to six. For all studies included in the analysis of PA, we assigned a PA score to each activity category. We scaled the activities measured in each study, assigning a value of 1 to the lowest activity category and 5 to the highest activity category, with activity categories assumed to be equally spaced. For example, the study of Kune et al. [19] divided activity into four categories. For the purpose of our analysis, the four categories of inactive, not very active, medium, and active/strenuous were numerically coded as 1, 2.33, 3.67, and 5, respectively. Processed meat refers to sausage, deli or sandwich meat, hot dogs, ham, bacon, smoked meats and any type of cured meat. We equated 2 ounces of processed meat to one serving [20] and quantified processed meat consumption as servings per week. One study reported processed meat as servings/time unit and 4 studies reported processed meat as grams/time unit or grams/kcal. We defined red meat as beef, pork, lamb, and veal. We equated 4 ounces of red meat to one serving [20] and quantified red meat consumption as servings per week. A total of 7 studies reported red meat as servings or portions/time unit, and 7 studies reported red meat as grams/time unit or grams/kcal. We included studies that measured servings of fruit consumed per day and equated 150 g to one serving [20] for studies that reported fruit intake in grams. We quantified vegetable consumption as servings per day and equated 75 g to one serving of vegetables [20] . For studies reporting energy adjusted food intakes (intake/1,000 kcal/day), we estimated the absolute intake by multiplying energy adjusted intakes by 2 for males, 1.5 for females, and 1.75 for a mixed population [21] . We quantified alcohol consumption as number of drinks per week. When alcohol was reported in grams, we used an average value of 12.0 g per drink for US-based studies and 9.8 g per drink for studies based in Europe [22] [23] [24] .
Study selection
Our inclusion criteria included English language publications that provided estimates of risk for developing CRC. We included clinical trials, cohort studies, nested casecontrol studies, and population-based case-control studies that provided the number of cases, the number of controls/ non-cases or total number of participants or total personyears, estimates of CRC relative risks, risk ratios, odds ratios, hazard ratios, standardized incidence ratios, or standardized morbidity ratios with 95 % confidence intervals (CIs), or sufficient information to estimate these measures. If there were multiple articles from one study population, we used data from the article with the longest follow-up. To be included in our analysis, we required that each risk factor had been evaluated in at least three published studies. For a specific study to be included in the summary analysis for multi-level risk factors, data for each risk factor had to have been categorized with at least 3 levels within the original study. We excluded abstracts and unpublished reports, hospital-based case-control studies (due to the potential for bias) [25, 26] , studies with mortality or adenoma as the endpoint, and studies that were not based on a broad population group. We reviewed 463 articles in our literature search and included data from 116 articles [19] [20] [21] . In Table 1 , we categorize the 
Statistical analyses
Using the abstracted risk estimate data, we conducted a meta-analysis for each CRC risk factor by applying a random-effects modeling approach. For the two dichotomous risk factors, family history and IBD, we used the ''meta'' R-package [140] to combine results across studies weighted by the inverse variance. We used Cochran's Q test and/or the I 2 statistics [141] to examine heterogeneity among the studies. We first fitted a fixed effects model to the log risk. In the presence of significant heterogeneity (p \ 0.05), as measured by Cochran's Q test, we then fitted a random-effects model based on the DerSimonian-Laird method [142] . We assessed the variations between gender (female vs. male vs. mixed population), study type (cohort vs. case-control), and site of cancer (colorectal vs. colon) when this information was available. We examined the probability of publication bias or smallstudy effect using Egger's test [143] .
For the other 10 multi-level risk factors, as the all-risk estimates are relative to a reference group within each study, we first centered the exposure levels by the exposure of the referent group within each study (i.e., the referent group of all studies have 0 adjusted exposure) to account for differences in the referent group among studies. We then performed random-effects dose-response metaregression (pool first) on the natural logarithmic risk estimate to examine a potential nonlinear relation between the exposure and CRC using restricted cubic splines with 3 knots at fixed percentiles (10, 50, and 90 %) of the distribution [144] . We chose 3 knots mainly because the total number of observations was fewer than 100 for all the risk factors except for physical activity. For example, we have a total of 75 observations for red meat. When fitted with 3 knots using the default percentiles recommended by Harrell et al. [144] , the chi-squared statistic of the goodness of fit was 90, whereas it was 91 when 4 knots were used.
We then computed the trend of log RR estimates using the generalized least-squares regression method proposed by Greenland and Longnecker [145] and Orsini et al. [146] . A p value for nonlinearity was calculated by testing the null hypothesis that the coefficient of the second spline was equal to zero. If there is no significant evidence of nonlinearity (p [ 0.05), we reduced the model to include only the linear term of the exposure. The pooled relative risks and 95 % CI for specific exposure values of the risk factors were estimated based on the final model using the STATA ''lincom'' command. We assessed the goodness of fit and heterogeneity using Q statistics [146] . In the presence of significant heterogeneity and a lack of goodness of fit, we assessed the variations between gender (female vs. male vs. mixed population), study type (cohort vs. case-control), and site of cancer (colorectal vs. colon) and adjusted for these variables when applicable. All analyses were conducted in with Stata software, version 11 (Stata Corp., College Station, TX, USA).
Prior to combining the multi-level risk factor findings using meta-regression techniques, we adjusted the exposure levels. In particular, when studies categorized risk factors into ranges, which were often inconsistent across studies, we represented each category range with the average value of the risk factor within the range, based on the distribution of the risk factor in the greater US population according to national survey data. We used the National Health Interview Survey (1999 and 2005), National Health and Nutrition Examination Survey (1999-2002, 2001-2002, and 2003-2004) , and the Continuing Survey of Food Intakes by Individuals (1994 Individuals ( -1996 Individuals ( , 1998 ). We used different years and different datasets because all of the variables were not contained within a particular dataset. This allowed us to plot the risk factors in a form that was consistent across studies and to determine the appropriate form of the regression model. We combined relative risk, odds ratio, rate ratio, and hazard ratio based on the rare disease assumption.
Results
The contribution of each risk factor to the overall estimation of CRC risk is described in detail below and summarized in Table 2 and Fig. 1 . Unless otherwise reported, there was no evidence of nonlinearity for the multilevel factors. In Table 3 , we provide an example of the relative risk and confidence interval at one level of exposure for each risk factor.
Body mass index
We examined the relationship between BMI and the risk of CRC using data from 2,309 colon cancer cases and 66,199 CRC cases in 23 studies [19, . There was no significant evidence of nonlinearity between BMI and CRC risk. Overall, there was a significant association between BMI and CRC (RR = 1.10 per 8 kg/m 2 , 95 % CI 1.08-1.12). Gender (male vs. female or mixed population) and cancer site were significant sources of variation. The association between BMI and CRC among Fig. 1 Colorectal cancer (CRC) relative risk estimates by risk factor. Dose was modeled with both linear and restricted cubic splines random-effects meta-regression model. All exposure levels were reference subtracted in model fitting. For the purpose of graphical illustration, 22 kg/m 2 was used as the reference for BMI, the value of 1 for the standardized PA score was used as the reference for PA, and the lowest value of 0 was used as the reference for all other multi-level risk factors. CC case-control studies, CRC colorectal cancer, F female, B mixed genders, M Male. a body mass index (BMI in kg/m 2 ); b physical activity (PA) (Fig. 1d ). Egger's test (p = 0.90) suggested no evidence of a small-study effect or publication bias.
Fig. 1 continued
; c cigarette smoking; d alcohol; e CRC family history; f inflammatory bowel disease (IBD); g current postmenopausal hormone therapy (HT); h former postmenopausal hormone therapy (HT); i aspirin/nonsteroidal anti-inflammatory drugs (NSAIDs); j processed meat; k red meat; l fruit; m vegetables b Cancer Causes Control (2013) 24:1207-1222
Family history
We studied the association between a history of CRC in firstdegree relatives and CRC risk based on 8,091 cases of CRC in 16 studies [30, 45-47, 63, 91-101] that included family history data. Six articles reported risk estimates for females only, and the other 10 articles reported risk estimates for a mixed population. We identified significant heterogeneity (p = 0.001). The overall random-effects, inverse-variance weighted average of the risk of CRC was higher for individuals with a family history of CRC compared to those with no family history of CRC (RR = 1.80, 95 % CI 1.61-2.02). The results are plotted in Fig. 1e . The relative risk of CRC among the studies evaluating a male-female mixed population (1.90, 95 % CI 1.67-2.17) was slightly higher than the relative risk among the studies that evaluated only females (1.60, 95 % CI 1.33-1.92). However, the difference between the two groups was not significant (p = 0.13). The differences between the cohort studies and case-control studies were not significant HT ( (p = 0.38). Egger's test (p = 0.14) suggested no evidence of a small-study effect or publication bias.
Inflammatory bowel disease
We examined the association between IBD and CRC risk using data from 44,799 patients with IBD and findings of 582 CRC cases and 14 colon cancer cases in 13 cohort studies [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] , 11 of which reported risk estimates for the male-female mixed population. Significant heterogeneity (p \ 0.0001) was identified. The overall randomeffects, inverse-variance weighted average of the relative risk of CRC due to IBD was 2.93 (95 % CI 1.79-4.81).
Estimates of the relative risks are plotted in Fig. 1f . Egger's test (p = 0.09) suggested no significant evidence of a small-study effect or publication bias.
Postmenopausal hormone therapy
To examine the association between duration of HT use and CRC, we calculated RR separately for women who were former HT users versus those who had never used HT, and for women who were current HT users versus those who had never used HT. We studied 765 colon cancer cases and 1,441 CRC cases among current HT users and never users, as reported in 7 studies [34, [115] [116] [117] [118] [119] [120] . (Fig. 1g) . The data included 705 colon cancer cases and 1,489 CRC cases among former HT users and never users, as reported in the same 7 studies cited for data on current HT use [34, [115] [116] [117] [118] [119] [120] . The linear trend between former HT use and CRC was not statistically significant. The relative risk was 0.96 (95 % CI 0.91-1.02) for 5 years and 0.84 (95 % CI 0.70-1.02) for 10 years of HT use (Fig. 1h) . Egger's test (p = 0.45) suggested no evidence of a small-study effect or publication bias.
Aspirin/non-steroidal anti-inflammatory drugs
We based our examination of the association between aspirin/NSAID use and the risk of developing CRC on 1,967 colon cancer cases and 6,684 CRC cases from 10 studies [30, 34, 45, 63, 81, [121] [122] [123] [124] [125] . Overall, the relative risk of CRC with 5 years of aspirin/NSAID use compared to no use was 0.76 (95 % CI 0.50-1.15). The correlation between CRC risk and aspirin/NSAID use was not statistically significant. The type of study was a significant source of variation. There was significant nonlinearity between aspirin/NSAIDs use and CRC. A restricted cubic spline model adjusted for the type of study suggested no lack of goodness of fit (Table 2 ). Compared to never users of aspirin/NASIDs, the relative risk of CRC with 5 years of aspirin/NSAID use for case-control studies was 0.60 (95 % CI 0.45-0.80) and the relative risk of CRC with 5 years of aspirin/NSAID use for cohort studies was 0.83 (95 % CI 0.56-1.25) (see Table 3 ; Fig. 1g ).
Processed meat
We used data from 1,197 colon cancer cases and 6,766 CRC cases in 5 studies [21, 73, [126] [127] [128] to examine the association between processed meat consumption and CRC. The linear trend between processed consumption and CRC was not statistically significant (p = 0.28) ( Table 2 ). The relative risk for 5 servings/week was 1.09 (95 % CI 0.93-1.25) (see Fig. 1j ; Table 3 ). The test of goodness of fit for the linear fit was not significant (p = 0.26). Egger's test (p = 0.10) suggested no evidence of a small-study effect or publication bias (Table 2) .
Red meat
To assess the association between red meat consumption and CRC, we evaluated 2,599 colon cancer cases and 10,907 CRC cases from 14 studies [21, 32, 48, 73, [126] [127] [128] [129] [130] [131] [132] [133] [134] [135] . There was an overall significant positive correlation between CRC and red meat consumption (RR = 1.13 per 5 servings/week, 95 % CI 1.09-1.16). The cancer site was a significant source of variation, which showed that there was a significant linear dose-response relationship between the risk of colon cancer and red meat consumption (p = 0.006). Compared to very little red meat consumption, the relative risk for colorectal cancer was 1.12 (95 % CI 0.97-1.30) for consuming 5 servings/week, which was not significant (p = 0.12). However, the relative risk for colon cancer was 1.10 (95 % CI 1.03-1.17) for consuming 5 servings/week, which was statistically significant (p = 0.006) (Tables 2, 3; Fig. 1k ). The test of goodness of fit for the linear fit was not significant (p = 0.19). Egger's test (p = 0.97) suggested no evidence of a small-study effect or publication bias.
Fruit
To assess the relationship between fruit consumption and CRC, we used data from 2,006 colon cancer cases and 3,504 CRC cases in 9 studies [20, 85, 129, 130, 132, 134, [136] [137] [138] . There was some evidence of a nonlinearity (p = 0.02) association between fruit consumption and CRC. Compared to very little fruit consumption, the relative risks of CRC were 0.91 (95 % CI 0.85-0.96) for 1 serving/day, 0.85 (95 % CI 0.78-0.94) for 2 servings/day, and 0.84 (95 % CI 0.75-0.96) for 3 servings/day (Fig. 1l) . The test of lack of goodness of fit for the linear fit was not significant (p = 0.40).
Vegetables
To assess the association between vegetable consumption and risk of developing CRC in our meta-analysis, we used data from 2,910 colon cancer cases and 3,275 CRC cases in 8 studies [20, 129, 130, 134, [136] [137] [138] [139] . The random-effects meta-regression model with only a linear trend revealed a significant inverse association between vegetable consumption and CRC (RR = 0.94 per 2 servings/day, 95 % CI 0.91-0.98) and (RR = 0.86 per 5 servings/day, 95 % CI 0.78-0.94) (see Fig. 1m ). Egger's test suggested some evidence of a smallstudy effect or publication bias (p = 0.007). The test of goodness of fit for the linear fit was not significant (p = 0.43).
Discussion
Evidence from the published literature suggests an association between the risk of developing colorectal cancer and being overweight or obese, drinking excessive alcohol, having a family history of colorectal cancer, having inflammatory bowel disease, smoking tobacco, and consuming processed and red meat. Conversely, there are several factors associated with a decreased risk of colorectal cancer: physical activity, hormone therapy in postmenopausal women, aspirin/NSAID use, fruit consumption, and vegetable consumption. Our meta-analysis showed mixed results with regard to these published factors. We found the following risk factors to be significantly associated with colorectal or colon cancer risk: BMI, smoking cigarettes, red meat consumption, family history of CRC, and IBD. Although we found an increase in CRC risk associated with alcohol and processed meat, these were not found to be statistically significant. Most studies have shown a positive association between an increase in BMI and risk of colorectal cancer [27, 28, 31-33, 53, 58, 147, 148] . A few studies have shown a stronger association in men than women [32, 149, 150] . Our random-effects dose-response metaanalysis showed a 29 % greater risk of CRC per 8 kg/m 2 and a 53 % greater risk of colon cancer per 8 kg/m 2 in men, but we did not find this greater risk in women with colorectal cancer. With the exception of the overall combined results for the cancer site, study design and gender, there was no significant heterogeneity for the studies where we examined gender and cancer site separately. Although the mechanism causing these differences between men and women remains poorly understood, the differences in fat proportions between men and women and abdominal adiposity are thought to influence the risk [149, 151] .
Although the evidence associating the risk of CRC with tobacco smoking has not been reported consistently in the literature, our meta-analysis showed no significant heterogeneity. The studies that showed an association also showed a dose-and time-dependent association. In a meta-analysis of prospective cohort studies from 1950 to 2008, Tsoi et al. [152] showed a 20 % increased risk of CRC in current smokers as compared to never smokers. Huxley et al. [153] showed a 16 % greater risk in current smokers as compared to non-smokers, and Liang et al. [154] showed a 50 % greater risk for an increase of 60 pack-years. Heterogeneity found within the studies reporting the risk of colorectal cancer associated with smoking may be due to the length of follow-up: studies with longer follow-up showed greater risk than studies with shorter follow-up [153] . Our results showed a nonlinear relationship between smoking and CRC with 11 % greater risk for 10 pack-years and 21 % greater risk for 20 pack-years as compared to non-smokers. Therefore, our results show a statistically significant association between cigarette smoking and CRC.
Overall, we found a significant positive correlation between red meat consumption and CRC (p \ 0.001), showing a 13 % greater risk per 5 servings/week. Yet, there was a lack of goodness of fit showing the cancer site as a significant source of variation. Our results did not show a significant association between colorectal cancer and red meat consumption, but did show significance with colon cancer (p = 0.006). There were no gender or study design differences. Potential reasons why there were differences between associations with colon cancer versus colorectal cancer were that we had data from more colorectal cancer studies than colon cancer studies and there were differences in how the results were reported, e.g., servings or grams or portions/time unit, versus grams/kcal.
The non-modifiable risk factors of family history of CRC and IBD were both confirmed to have a positive association with CRC, as reported in the literature [155, 156] . Our results (RR = 1.80) for the association with a family history of CRC in a first-degree relative are similar but less extreme compared to those of Butterworth et al. [155] , which showed a pooled risk estimate of 2.24 for one first-degree relative diagnosed with colorectal cancer. Our pooled analysis showed no statistically significant differences by gender or study design. For IBD, our results (RR = 2.93) are different from those of Eaden et al. [156] (RR = 3.7), perhaps because they evaluated only ulcerative colitis in their meta-analysis, whereas we evaluated both ulcerative colitis and Crohn's disease. Modern treatments for IBD greatly decrease the severity of the disease, which may also decrease CRC risk.
For alcohol consumption, our pooled estimate for colorectal cancer risk showed a trend toward a positive association with a relative risk of 1.06 (95 % CI 0. 91-1.23) for an increase of 5 drinks/week. Although our results are dose-dependent, the association is not statistically significant. We found no evidence of significant heterogeneity and Egger's test showed no evidence of a small-study effect. Although we did not find a statistically significant relationship, our relative risk results are similar to those of other published meta-analyses [157] [158] [159] [160] . For example, Fedirko et al. [158] evaluated data from 27 cohort studies and 34 case-control studies and found estimated RRs of 1.07 (95 % CI 1.04-1.10), 1.38 (95 % CI 1.28-1.50), and 1.82 (95 % CI 1.41-2.35) for the consumption of 10, 50, and 100 g/day of alcohol, respectively. Moskal et al. [159] found a 19 % increase in the risk of colorectal cancer associated with an increase of 100 g of alcohol per week (RR = 1.19; 95 % CI 1.14-1.27) in a meta-analysis of 14 cohort studies. We further did not find any statistically significant differences by cancer site or study design for alcohol intake and CRC risk.
Based on all the studies, we found an estimated 9 % greater risk of CRC for every 5 servings of processed meat consumed per week; however, the association was not statistically significant. There was also not a statistically significant linear trend between processed meat and CRC. Although this factor is not statistically significant, there was a trend of some effect on CRC risk. A proposed explanation for not finding a statistically significant result for processed meat may be due to the various ways the consumption of processed meat was measured, e.g., differences in dietary questionnaires used or reporting consumption in terms of servings or grams or portions/time unit, versus grams/kcal.
Significant factors found to be inversely associated with CRC risk included physical activity, fruit consumption, and vegetable consumption. Aspirin/NSAIDs and hormone therapy were not found to be significantly inversely associated with CRC risk but showed a trend of some effect.
In our meta-analysis, we found an overall reduction of risk of 12 % (p \ 0.001) for an increase of 2 in the standardized physical activity score. However, there was significant heterogeneity in our overall results. This was due to differences in both study design (cohort vs. case-control) and cancer site (colorectal and colon). Both the cohort studies and case-control studies (colon cancer only) showed statistically significant results (p \ 0.001) with a reduction of risk of 9 and 27 %, respectively, for an increase of 2 in the standardized PA scores. This difference was not found with the case-control CRC studies, which showed only a 6 % reduction in risk. This may be due to the differences in how the studies report physical activity, e.g., total PA versus occupational PA or leisure PA.
Consumption of fruit showed a statistically significant (p = 0.02) decreased CRC risk of 15 % for 3 servings or more per day. Additionally, there was no heterogeneity for fruit consumption. The overall results were similar for a statistically significant (p = 0.001) association with vegetable consumption (RR = 0.86 per 5 servings/day). No evidence of a significant association between fruit or vegetable intake and risk of colorectal cancer was shown in a recent meta-analysis conducted by Huxley et al. [153] , nor was it shown in the WCRF/AICR Systematic Literature Review [161] . Our restriction to studies that used cancer incidence as the endpoint, rather than mortality, may explain these variations in findings among different metaanalyses.
Our meta-analysis of hormone therapy for current and former users showed an inverse association, but no statistical significance. There was significant heterogeneity for current HT users, but not for former users. For current users, the decrease in risk at 10 years is 39 % compared to 16 % at 10 years for former users. Clearly, the effect is greater in current HT users than former HT users. In a meta-analysis of postmenopausal hormone therapy, Grodstein et al. [162] showed that the reduction in risk for CRC is limited mainly to current users. Our results show that HT shows a trend of some effect.
Although we showed a trend of inverse association between aspirin/NSAIDs and CRC risk, the association was not statistically significant. A meta-analysis of 52 randomized double-blind placebo controlled trials that evaluated the use of aspirin as chemoprevention for colorectal adenomas found a risk ratio of 0.83 (95 % CI 0.72-0.96) in the aspirin group (at any dose), as compared to the placebo group [163] . A recent international consensus statement showed a similar relative risk (0.85) with aspirin/NSAIDs. However, because questions yet remain concerning the risk/benefit profile, no recommendations were made regarding the use of aspirin or other NSAIDs [164] . As we have concluded that the restricted cubic spline fit is a good fit, there is no evidence of heterogeneity (i.e., there is no significant difference between NSAIDs and aspirin), yet there is a trend of some effect.
Our study has a few limitations. First, we included case-control studies, which are not considered as reliable as cohort studies. However, we did exclude hospital-based case-control studies, which are considered the least reliable of case-control studies. Second, since we used the incidence of CRC as our endpoint and excluded studies that used mortality as an endpoint, this limited the number of studies included in this analysis. Third, we did not include screening for colorectal cancer as an endpoint because, to our knowledge, there are no studies that present relative risk with age at screening and years since screening. Lastly, since our data relied upon published studies and the studies presented these data at different levels of exposure, we had to deduce comparable units from the published data. For example, with fruit, vegetables, red and processed meat, we had to create a common denominator of serving size after accounting for a standardized serving size. Additionally, since the physical activity data were published with different activity categories, we ranked these by study, making the assumption that the lowest level of activity and the highest level of activity per study were equally spaced. Ranking these results as such may have decreased the accuracy of our results and therefore may not make these results generalizable to the general population. There are, of course, general concerns related to combining studies that differ with regard to design, conduct, participants, interventions, exposures, measures of risk, and other aspects that are unknown. But such heterogeneity is a virtue if the appropriate level of uncertainty is considered in the analysis. Meta-analyses address reproducibility and generalizability of the results. The strength of this study compared to other studies such as Huxley et al. [153] is that we report a dose-response level instead of a categorical response of highest versus lowest levels.
In summary, we found a statistically significantly higher risk of CRC for both inflammatory bowel disease and history of CRC in a first-degree relative. Statistically significant increases in risk were also associated with higher BMI, tobacco smoking, and red meat intake. Although the relative risks for alcohol and processed meat showed a trend of some effect, no statistical significance was found for these risk factors. Statistically significant decreases in risk were associated with physical activity, and fruit and vegetable consumption. The relative risk for colorectal cancer additionally showed a trend of a positive effect with HT use and aspirin/NSAID use, but no statistical significance was found with these factors.
These results may be useful for counseling patients about modifiable risk factors and for helping to establish health policies. But they must be considered in the context of other possible health risks, including other cancers and cardiovascular disease.
Our analysis of 12 potential CRC risk factors is a first step in building a statistical risk model of CRC. The risk model will allow individuals and their clinicians to estimate the ten-year and lifetime risks of developing CRC based on population-level cancer incidence and mortality rates, as well as peer-reviewed epidemiologic and clinical data.
